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SELECTIVE HYDROGENATION PROCESS 
USING LAYERED CATALYST COMPOSITION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/870,265, ?led Dec. 15, 2006. 

FIELD OF THE INVENTION 

[0002] The invention relates to the selective hydrogenation 
of hydrocarbons. More speci?cally, the invention relates to 
the use of a catalyst to selectively hydrogenate CS-Cl l diole 
?ns in a hydrocarbon mixture to one or more respective 

CS-Cl 1 monoole?ns. 

BACKGROUND OF THE INVENTION 

[0003] Hydrocarbon stream feeds like pyrolysis gas feeds 
can have diene values ranging from 1-120 and diole?n Weight 
percentages in such streams can range from 0.5 Weight per 
cent to 50 Weight percent or above. Under an oxygen atmo 
sphere diole?ns are unstable. Diole?ns present a challenge 
for processes involving catalysts because the diole?ns are 
very reactive and polymeriZe even under hydrogen atmo 
spheres at high temperatures forming gum. Because of the 
reactivity of diole?ns catalysts that have poor activity are 
restricted in cycle length and have a propensity for polymer 
iZation because of the requirement for high temperatures. It is 
generally accepted at temperatures about 170° C. (338° F.) 
excess polymerization causes pressure drops across a cata 
lytic reactor. These problems are generally Worse if the cata 
lyst comprises a porous active base such as gamma or theta 
alumina Where polymeriZation of diole?ns can cause sWell 
ing of the porous catalyst and can damage the structure of the 
catalyst. 
[0004] In situations Where the catalyst is an active catalyst 
there is a tendency for the active catalysts to convert diole?ns 
as Well as the monoole?ns rapidly and often more selectively 
to their corresponding paraf?ns and naphthenes causing 
excess heat generation. Again, these conditions tend to favor 
gum formation and this is particularly so in a commercial 
application Where a ?xed bed adiabatic reactor is subjected to 
high temperature rises. The reactor’ s practical operating Win 
doW is limited because of the pressure drop problems. 
[0005] The present invention relates to the use of a layered 
catalyst to selectively hydrogenate C5 -Cl 1 diole?ns to C5 -Cl 1 
monoole?ns, Which helps to mitigate some of the above men 
tioned limitations. The layered catalyst composition com 
prises an IUPAC Group 1-2 metal and an IUPAC Group 8-10 
metal on a layered composition support. The support com 
prises an inner core of an inorganic oxide, Which is preferably 
a refractory inorganic oxide, such as, Without limitation, 
cordierite, and an outer layer of a non-refractory inorganic 
oxide, such as, Without limitation, gamma alumina. 
[0006] The current industrial practice for selectively hydro 
genating diole?ns or unsaturated hydrocarbon fractions is 
based on the use of sul?ded nickel catalysts operating at 
moderately high temperatures of approximately 185° C. 
(365° F). Sulfur loss from the catalyst to the product occurs 
and sulfur must be replenished to keep the catalyst active and 
operating optimally. Furthermore, once the sulfur is lost into 
the product, in some instances the sulfur must also be 
removed from the product and this adds another level of 
processing. 
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[0007] Other types of selective hydrogenation processes 
are also knoWn, such as that described in JP54157507A. JP 
54157507A describes the use of a palladium catalyst on an 
alumina support to selectively hydrogenate acetylene and 
methyl acetylene (alkynes) that are present in ole?n fractions 
obtained in petrochemical processes. The catalyst described 
in JP54157507A comprises a thin alumina coating over an 
alpha alumina carrier of spherical or cylindrical shape and 
being around 1-20 mm in siZe, length and diameter. The 
alumina precursor, Which can be aluminum nitrate, aluminum 
chloride, aluminum hydroxide and the like, is coated onto the 
alpha alumina carrier and then the coated alpha alumina car 
rier and alumina precursor is heat treated at betWeen 400° C. 
(752° F.) to 700° C. (1292° F.) to create a thin alumina coating 
over the alpha alumina carrier. A palladium compound such 
as palladium chloride, palladium nitrate, and the like is dis 
solved in a suitable solvent, and then applied to the alumina 
coating to give effectively an enriched surface coating con 
taining palladium. JP54157507A describes the use of the 
resulting catalyst in the selective hydrogenation of acetylene 
in a composition comprising ethylene. 
[0008] The process disclosed herein has been developed to 
enable one to selectively hydrogenate C5-Cll diole?ns to 
CS-Cl l monoole?ns at relatively high space velocities using a 
layered catalyst that eliminates the need to use a sul?ded 
nickel catalyst for associated sulfur addition (and in some 
instances the sub sequent removal of sulfur from the product). 
[0009] US 2003/0036476 A1 describes a coated catalyst 
having a core and a shell surrounding the core, the core is 
made up of an inert support material. The shell is made up of 
a porous support substance, and the shell is physically 
attached to the core. A catalytically active metal selected from 
the group consisting of the metals of the 10th and 1 1th groups 
of the Periodic Table of the Elements is present in ?nely 
divided form in the shell. The coated catalyst is described as 
being suitable for the selective reduction of unsaturated 
hydrocarbons, speci?cally loWer C2-C4 unsaturated hydro 
carbons. 

[0010] US. Pat. No. 6,177,381 B1, Which is incorporated 
by reference in its entirety, describes a layered catalyst com 
position shoWing improved durability and selectivity for 
dehydrogenating hydrocarbons, a process for preparing the 
catalyst and processes forusing the composition. The catalyst 
composition comprises an inner core such as alpha-alumina, 
and an outer layer bonded to the inner core composed of an 
outer non-refractory inorganic oxide such as gamma-alu 
mina. The outer layer has uniformly dispersed thereon a plati 
num group metal such as platinum and a promoter metal such 
as tin. The composition also contains a modi?er metal such as 
lithium. The catalyst composition is prepared by using an 
organic binding agent such as polyvinyl alcohol Which 
increases the bond betWeen the outer layer and the inner core. 
The catalyst composition is described as also being suitable 
for use in dehydrogenation and hydrogenation processes. 
LikeWise, US. Pat. No. 6,280,608 B1 also describes a layered 
catalyst suitable for use in dehydrogenation and hydrogena 
tion processes, while US. Pat. No. 6,486,370B1 is directed to 
a layered catalyst suitable for use in dehydrogenation pro 
cesses. 

[0011] US 2006/0266673 A1 and US 2006/0270865 A1 
describe a similar layered catalyst, but With an additional 
?brous component in the outer layer. The ?ber-containing 
layered catalyst is described as being suitable for use in dehy 
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drogenation and hydrogenation processes including selective 
hydrogenation of dienes and trienes. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The process disclosed herein uses a layered catalyst 
for the treatment of a hydrocarbon stream containing a mix 
ture of at least C5-Cl diole?ns and C5-Cl 1 monoole?ns. The 
process and catalyst are employed to selectively hydrogenate 
C5 -C1 1 diole?ns to C5 -C1 1 monoole?ns at relatively high 
space velocities and Without hydrogenating substantially the 
C5 -C1 1 monoole?ns originally present in the mixture. 
[0013] In one aspect the present invention provides a pro 
cess for selectively hydrogenating one or more C5 -C1 1 diole 
?ns in a hydrocarbon mixture to one or more respective 
CS-Cll monoole?ns the process comprising the step of: 

[0014] (i) bringing the hydrocarbon mixture under selec 
tive hydrogenation conditions into contact With a lay 
ered catalyst to give substantially a C5-Cll monoole?n 
product; 

[0015] Wherein the layered catalyst comprises: 
[0016] (a) an inner core comprising a ?rst inorganic 

oxide, and 
[0017] (b) an outer layer bonded to said inner core, 

said outer layer comprising a second inorganic oxide 
that is non-refractory and has dispersed thereon at 
least one IUPAC Group 1-2 metal and at least one 
IUPAC Group 8-10 metal. 

[0018] The embodiments and objects of the invention Will 
become clearer after the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 compares the activities of different catalysts 
A, B, C, D and E in a plot of the percentage conversion of C5 
diole?n against the average bed temperature of the catalyst 
bed. 
[0020] FIG. 2 compares the activities of different catalysts 
A, B, C, D and E in a plot of the percentage of dicyclopenta 
diene conversion against the average bed temperature of the 
catalyst bed. 
[0021] FIG. 3 compares the selectivities of different cata 
lysts A, B, C, D and E in a plot of the percentage of selectivity 
to C5 monoole?ns against the percentage of C5 diole?n con 
version. 
[0022] FIG. 4 compares the selectivities of different cata 
lysts A, B, C, D and E in a plot of the percentage of dicyclo 
pentadiene selectivity to cyclo-ClO-monoole?n against the 
percentage conversion of dicyclopentadiene. 
[0023] FIG. 5 compares different catalysts A, B, C, D and E 
in a plot of nitro gen differential pore volumes against the pore 
radius. 
[0024] FIG. 6 compares different catalysts A, B, C, D and E 
in a plot of mercury differential pore volumes against the pore 
radius. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] As stated, a selective hydrogenation process is dis 
closed herein. 
[0026] The selective hydrogenation process is believed to 
be capable of operating at relatively higher space velocities 
for a given reaction temperature and equilibrium conversion 
of diunsaturates than prior processes. Without limiting this 
invention to any particular theory, it is believed the layered 
catalyst composition used in the selective hydrogenation pro 

Jun. 19, 2008 

cess disclosed herein has less restrictions to diffusion of reac 
tants and products in comparison to previous catalysts. Con 
sequently, it is expected that the temperature required to attain 
a speci?ed equilibrium conversion Would be loWer and also 
that at a given conversion higher space velocities could be 
attained Without excessive reactor temperature. Therefore, 
less catalyst and a smaller reactor Would be needed, Which 
Would result in reduction in the capital cost of the process. 
[0027] Speci?cally, the process disclosed herein relates to 
the selective hydrogenation of C5-Cll diole?ns in a mixture 
of C5-Cll monole?ns. The C5-Cll diole?ns are selectively 
hydrogenated to the corresponding C5 -C1 1 monoole?ns With 
out hydrogenation of the original C5-Cll monoole?ns. The 
selective hydrogenation occurs When the hydrocarbon mix 
ture comprising C5-Cll diole?ns and C5-Cll monole?ns is 
brought into contact With a layered catalyst of the invention 
under selective hydrogenation conditions. Preferred selective 
hydrogenation conditions for example, Without limitation 
include pressures of about 0 kPa(g) (0 psi(g)) to about 6894 
kpa(g) (1000 psi(g)), temperatures of betWeen 30° C. (86° F.) 
and 300° C. (572° F), H2 to diole?n mole ratios ofabout 0.1 :1 
to about 10:1, preferably about 1.1:1 to about 1.5:1 and/or a 
hydrogen to total liquid feed molar ratio of about 0.1 : 1 to 20:1 
and liquid hourly space velocities (LHSV) of about 0.5 to 
about 30 hr_l. 
[0028] The layered catalyst composition comprises an 
inner core composed of an inorganic oxide, Which has sub 
stantially loWer adsorptive capacity for catalytic metal pre 
cursors relative to the outer layer. Preferably, the inner core is 
a refractory inorganic oxide, but can be non-refractory. 
Examples of refractory and non-refractory inorganic oxides 
suitable for the inner core include Without limitation alpha 
alumina, theta alumina, silicon carbide, metals, cordierite, 
Zirconia, titania and mixtures thereof. A preferred refractory 
inorganic oxide for the inner core is cordierite. 
[0029] The inner core can be formed into a variety of shapes 
such as pellets, extrudates, spheres or irregularly shaped par 
ticles. It is recogniZed, hoWever, that not all materials can be 
formed into any shape. Preparation of the inner core can be 
done by means knoWn in the art such as oil dropping, pres sure 
molding, metal forming, pelletiZing, granulation, extrusion, 
rolling methods and marumeriZing. A spherical or cylindrical 
inner core is preferred. Once the inner core is prepared, it is 
calcined at a temperature of about 400° C. (752° C.) to about 
1500° C. (2732° F.). 
[0030] The inner core is then coated With an outer layer of 
a non-refractory inorganic oxide Which is the same or differ 
ent from the inorganic oxide Which may be used as the inner 
core. Examples of non-refractory inorganic oxides suitable 
for the outer layer include Without limitation theta alumina, 
silicon carbide, metals, Zirconia, titania, gamma alumina, 
delta alumina, eta alumina, silica/alumina, Zeolites, non 
Zeolitic molecular sieves (NZMS), hydrotalcite and mixtures 
thereof. This outer layer of non-refractory oxide is one Which 
has a relatively high surface area of betWeen about 50 and 200 
m2/ g based on the Weight of the outer layer. The outer layer 
thickness is betWeen about 1 and about 300 micron, prefer 
ably betWeen about 25 and about 300 micron, and more 
preferably betWeen about 25 and about 100 micron. The outer 
layer has a number of pores distributed across its surface. The 
pores in the outer layer of the catalyst Will preferably have an 
average pore radius of betWeen 65 to 75 Angstrom. The pore 
radius siZe distribution Will hoWever, vary from approxi 
mately 20 to 250 Angstrom. The pore volume is substantially 
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proportional to the thickness of the outer layer and the aver 
age radius of the pores. Where the outer layer is approxi 
mately 100 micron thick, the total pore volume Will be 
approximately 0.10 to 0.15 cc/g. Where the outer layer is 
approximately 200 micron thick, the total pore volume Will be 
approximately 0.20 to 0.30 cc/ g. The surface area of a catalyst 
having a 100 micron thick outer layer Will be approximately 
35 m2/ g, While the surface area of a catalyst having a 200 
micron thick outer layer Will be approximately 65 m2/ g, based 
on the Weight of the catalyst. 
[0031] It should be pointed out that silica/alumina is not a 
physical mixture of silica and alumina but means an acidic 
and amorphous material that has been cogelled or coprecipi 
tated. This term is Well knoWn in the art, see e.g., U.S. Pat. No. 
3,909,450; U.S. Pat. No. 3,274,124; and Us. Pat. No. 4,988, 
65 9, all of Which are incorporated by reference in their entire 
ties. Examples of Zeolites include, but are not limited to, 
Zeolite Y, Zeolite X, Zeolite L, Zeolite beta, ferrierite, MEI, 
mordenite and erionite. Non-Zeolitic molecular sieves 
(NZMS) are those molecular sieves Which contain elements 
other than aluminum and silicon and include silicoalumino 
phosphates (SAPOs) described in Us. Pat. No. 4,440,871, 
ELAPOs described in Us. Pat. No. 4,793,984, MeAPOs 
described in Us. Pat. No. 4,567,029 all of Which are incor 
porated by reference in their entireties. A preferred inorganic 
oxide for the outer layer is gamma alumina. 
[0032] A preferred Way of preparing a gamma alumina is by 
the Well-knoWn oil drop method Which is described in Us. 
Pat. No. 2,620,314, Which is incorporated by reference in its 
entirety. The oil drop method comprises forming an alumi 
num hydrosol by any of the techniques taught in the art and 
preferably by reacting aluminum metal With hydrochloric 
acid; combining the hydrosol With a suitable gelling agent, 
e.g., hexamethylenetetraamine; and dropping the resultant 
mixture into an oil bath maintained at elevated temperatures 
(about 93° C. (199° 13.)). The droplets of the mixture remain in 
the oil bath until they set and form hydrogel spheres. The 
spheres are then continuously WithdraWn from the oil bath 
and typically subjected to speci?c aging and drying treat 
ments in oil and ammoniacal solutions to further improve 
their physical characteristics. The resulting aged and gelled 
spheres are then Washed and dried at a relatively loW tem 
perature ofabout 80° C. (176° F.) to 260° C. (500° F.) and then 
calcined at a temperature ofabout 455° C. (851° F.) to 705° C. 
(1301° F.) for a period of about 1 to about 20 hr. This treat 
ment effects conversion of the hydrogel to the corresponding 
crystalline gamma alumina. 
[0033] The layer is applied by forming a slurry of the outer 
non-refractory oxide and then coating the inner core With the 
slurry by means Well knoWn in the art. Slurries of inorganic 
oxides can be prepared by means Well knoWn in the art Which 
usually involve the use of a peptiZing agent. For example, any 
of the transitional aluminas can be mixed With Water and an 
acid such as nitric, hydrochloric, or sulfuric to give a slurry. 
Alternatively, an aluminum sol can be made by for example, 
dissolving aluminum metal in hydrochloric acid and then 
mixing the aluminum sol With the alumina poWder. 
[0034] The slurry can also contain an organic bonding 
agent Which aids in the adhesion of the layer material to the 
inner core. Examples of this organic bonding agent include 
but are not limited to polyvinyl alcohol (PVA), hydroxy pro 
pyl cellulose, methyl cellulose and carboxy methyl cellulose. 
The amount of organic bonding agent Which is added to the 
slurry Will vary considerably from about 0.1 Wt-% to about 3 
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Wt-% of the slurry. HoW strongly the outer layer is bonded to 
the inner core can be measured by the amount of layer mate 
rial lost during an attrition test, i.e., attrition loss. Loss of the 
outer layer by attrition is measured by agitating the catalyst, 
collecting the ?nes and calculating an attrition loss, in the 
manner described in Example 11 in Us. Pat. No. 6,177,381 
B1. It has been found that by using an organic bonding agent 
as described above, the attrition loss is less than about 10 
Wt-% of the outer layer. 
[0035] Depending on the particle siZe of the outer inorganic 
oxide, it may be necessary to mill the slurry in order to reduce 
the particle siZe and simultaneously give a narroWer particle 
siZe distribution. This can be done by means knoWn in the art 
such as ball milling for times of about 30 min to about 5 hr and 
preferably from about 1.5 to about 3 hr. It has been found that 
using a slurry With a narroW particle siZe distribution 
improves the bonding of the outer layer to the inner core. 
Without Wishing to be bound to any particular theory, it 
appears that bonding agents such as PVA aid in making an 
interlocking bond betWeen the outer layer material and the 
inner core. Whether this occurs by the PVA reducing the 
surface tension of the core or by some other mechanism is not 
clear. What is clear is that a considerable reduction in loss of 
the outer layer by attrition is observed. 
[0036] The slurry may also contain an inorganic bonding 
agent selected from an alumina bonding agent, a silica bond 
ing agent or mixtures thereof. Examples of silica bonding 
agents include silica sol and silica gel, While examples of 
alumina bonding agents include alumina sol, boehmite and 
aluminum nitrate. The inorganic bonding agents are con 
verted to alumina or silica in the ?nished composition. The 
amount of inorganic bonding agent varies from about 2 to 
about 15 Wt-% as the oxide, and based on the Weight of the 
slurry. 
[0037] The slurry can also contain a modi?er metal selected 
from the group consisting of alkali metals, alkaline earth 
metals and mixtures thereof. The alkali and alkaline earth 
metals Which can be used as modi?er metals in the practice of 
this invention include lithium, sodium, potassium, cesium, 
rubidium, beryllium, magnesium, calcium, strontium and 
barium. Preferred modi?er metals are lithium, potassium, 
sodium and cesium With lithium and sodium being especially 
preferred. One method involves preparing the slurry With a 
solution (preferably aqueous) of a decomposable compound 
of the modi?er metal or modi?er metal precursor. By decom 
posable is meant that upon heating the metal compound is 
converted to the metal or metal oxide With the release of 
byproducts. Illustrative of the decomposable compounds of 
the alkali and alkaline earth metals are the halide, nitrate, 
carbonate or hydroxide compounds, e.g., potassium hydrox 
ide, lithium nitrate. 
[0038] Coating of the inner core With the slurry can be 
accomplished by means such as rolling, dipping, spraying, 
etc. One preferred technique involves using a ?xed ?uidized 
bed of inner core particles and spraying the slurry into the bed 
to coat the particles evenly. The thickness of the layer can vary 
considerably, but usually is from about 1 to about 300 micron 
preferably from about 25 to about 300 micron, and more 
preferably from about 25 to about 100 micron. It should be 
pointed out that the optimum layer thickness depends on the 
use for the catalyst and the choice of the outer inorganic 
oxide. Once the inner core is coated With the layer of outer 
inorganic oxide, the resultant layered support is dried at a 
temperature ofabout 100° C. (212° F.) to about 320° C. (608° 
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F.) for a time of about 1 to about 24 hr and then calcined at a 
temperature of about 400° C. (752° F.) to about 900° C. 
(1652° F.) for a time of about 0.5 to about 10 hr to effectively 
bond the outer layer to the inner core and provide a layered 
catalyst support. Of course, the drying and calcining steps can 
be combined into one step. 

[0039] Having obtained the layered catalyst support, the 
catalytic metals and/or metal precursors can be dispersed on 
the layered support by means knoWn in the art. Thus, at least 
one IUPAC Group 1-2 metal/metal precursor and at least one 
IUPAC Group 8-10 metal/metal precursor can be dispersed 
on the outer layer. The IUPAC Group 1-2 metal and/ or metal 
precursor includes Without limitation lithium, sodium, potas 
sium, cesium, rubidium, beryllium, magnesium, calcium, 
strontium and barium. The IUPAC Group 8-10 metal and/or 
metal precursor includes platinum, palladium, rhodium, iri 
dium, ruthenium and osmium. 
[0040] The catalytic metals can be deposited on the layered 
support in any suitable manner knoWn in the art. One method 
involves impregnating the layered support With a solution 
(preferably aqueous) of a decomposable compound of the 
metals or metal precursors. Illustrative of the decomposable 
compounds of the IUPAC Group 1-2 metals are lithium 
nitrate, sodium carbonate, potassium nitrate, magnesium 
chloride and calcium nitrate illustrative of the decomposable 
compounds of the IUPAC Group 8-10 metals are palladium 
nitrate, chloroplatinic acid, nickel chloride, rhodium chloride 
[0041] The catalyst also preferably contains at least one 
element component from IUPAC Groups 11-17, including 
but not limited to sulfur and the metals copper, silver, gold, 
tin, germanium and lead. Without being bound to any particu 
lar theory, it is believed that on the catalyst the IUPAC Group 
8-10 metal is primarily catalytically active, the IUPAC Group 
1-2 metal is a promoter metal, and the optional IUPAC Group 
11-17 element is a modi?er. 

[0042] All of the metals can be impregnated into the outer 
layer using one common solution or they can be sequentially 
impregnated in any order, but not necessarily With equivalent 
results. A preferred impregnation procedure involves the use 
of a steam-jacketed rotary dryer. The catalyst support is 
immersed in the impregnating solution containing the desired 
metal compound contained in the dryer and the support is 
tumbled therein by the rotating motion of the dryer. The 
catalyst support is in the presence of a liquid phase, and 
preferably in an all-liquid phase. The impregnating solution is 
present in an excess relative to the amount of catalyst support 
so that free liquid is present. Precipitation of the metals is 
prevented by proper control of the pH of the impregnating 
solution. Evaporation of the solution in contact With the tum 
bling support is expedited by applying steam to the dryer 
jacket. The resultant composite is alloWed to dry under any 
suitable conditions, such as ambient temperature conditions 
or at a temperature ofabout 80° C. (176° F.) to about 110° C. 
(230° F.), folloWed by calcination at a temperature of about 
400° C. (752° F.) to about 700° C. (1292° F.) for a time of 
about 1 to about 4 hr, thereby converting the metal compound 
to the metal or metal oxide. 

[0043] In one method of preparation the method involves 
adding one or more of the metal components to the outer 
inorganic oxide prior to applying it as a layer onto the inner 
core. For example, either the IUPAC Group 1-2 or Group 8-10 
metals or both can be added to the slurry. Thus, in one method, 
the catalytic metals are deposited onto the outer inorganic 
oxide prior to depositing it as a layer onto the inner core. The 
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catalytic metals can be deposited onto the outer refractory 
oxide poWder in any order although not necessarily With 
equivalent results. 
[0044] As a ?nal step in the preparation of the layered 
catalyst composition, the catalyst composition is reduced 
under hydrogen or other reducing atmosphere in order to 
ensure that the IUPAC Group 8-10 metal components are in 
the metallic state (Zero valent). Reduction is carried out at a 
temperature of about 100° C. (212° F.) to about 650° C. 
(1202° F.) for a time of about 0.5 to about 10 hr in a reducing 
environment, preferably dry hydrogen. 
[0045] As an optional step in the preparation of the layered 
catalyst composition, the layered catalyst composition may 
be treated hydrothermally. Hydrothermal treatment processes 
are generally knoWn to those skilled in the art for modifying 
the physical characteristics of non-refractory oxides. HoW 
ever, a number of these conventional hydrothermal treatment 
processes can be applied to modifying the physical charac 
teristics of layered sphere catalyst compositions as disclosed 
herein. For example, hydrothermal treatment comprises sub 
jecting the layered catalyst composition to conditions com 
prising the presence of Water, a temperature of from 100° C. 
(212° F.) to 1200° C. (2192° F.), and a pressure of from 0 
kPa(g) (0 psi(g)) to 10133 kpa(g) (1470 psi(g)). During the 
hydrothermal treatment, the layered catalyst composition 
may be contacted With a liquid or vapor stream containing 
Water at a concentration of from slightly above 0 vol-%, eg 
50 vol-ppm, to 100 vol-% Water. The duration of the hydro 
thermal treatment may be from as little as 1 minute up to 10 or 
20 hours, even 1 or more days. In one hydrothermal treatment, 
the layered catalyst composition is placed in an autoclave, the 
layered catalyst composition is then completely covered by a 
Water-containing liquid Which is preferably liquid Water, next 
the autoclave is closed and placed in an oven, and the oven is 
then maintained at a temperature of about 200° C. (392° F.) 
for a period of time of up to from 8 to 10 hours. In another 
hydrothermal treatment, the layered catalyst composition is 
placed in an oven or furnace, a gas is passed through the oven 
or furnace, and the oven is then maintained at a temperature of 
from 260° C. (500° F.) to 816° C. (1500° F.) for a period of 
time of from 1 to 24 hours. In this hydrothermal treatment, 
Water may be carried by the ?oWing gas across the layered 
catalyst composition, Water may be present in or on the lay 
ered catalyst composition prior to its being heated in the oven 
or fumace, or both. The gas may be any suitable gas, such as 
a gas comprising air, oxygen, nitrogen, an inert gaseous com 
ponent, or mixtures thereof. 

[0046] The optional hydrothermal treatment may be per 
formed prior to or after dispersing the catalytic metals and/or 
metal precursors on the layered support, prior to or after 
calcining the layered support, or prior to or after reducing the 
catalyst composition. Hydrothermally treating at different 
steps during the preparation of the layered catalyst composi 
tion may not give equivalent results. As optional steps after 
the hydrothermal treatment, the hydrothermally treated mate 
rial may be alloWed to dry and then may be calcined as 
described above. If the hydrothermal treatment is done after 
dispersing the catalytic metals and/ or metal precursors on the 
layered support, the hydrothermal treatment and any subse 
quent thermal treatments are preferably performed prior to 
reducing the catalyst composition. If the hydrothermal treat 
ment is done after reducing the catalyst composition, an addi 
tional optional reduction step may be performed. Without 
being bound to any particular theory, it is believed that hydro 
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thermal treatment modi?es the pore siZe distribution of the 
layered catalyst composition, modi?es the siZe of the metal 
clusters on the layered catalyst composition if the catalytic 
metals and/or metal precursors have been dispersed on the 
layered support prior to the hydrothermal treatment, or modi 
?es both. It is believed that such modi?cations affect the 
performance, especially conversion and selectivity, of the 
layered catalyst composition. 
[0047] In the preferred embodiments the metals are uni 
formly distributed throughout the outer layer of outer inor 
ganic oxide and are substantially present only in the outer 
layer. It is also preferred that the IUPAC Group metals be 
distributed uniformly through the outer layer. Preferably the 
ratio of the IUPAC Group 1-2 to the IUPAC Group 8-10 
metals over the outer layer of the inorganic oxide is substan 
tially constant. 
[0048] The shape and siZe of the catalyst particles depends 
on a number of technical and economic factors and consid 
erations, such as the alloWable pressure drop across the selec 
tive hydrogenation reactor, the amount of catalyst and the cost 
of production. The preferred shape of the particle is spherical. 
It is preferred that the catalyst particle has a diameter of about 
0.8 mm (1/32 in.) to 6.4 mm (1A in.), preferably about 1.6 mm 
or 1600 micron (1/16 in.). 
[0049] The hydrogenatable hydrocarbon mixtures used in 
the selective hydrogenation process disclosed herein contain 
a diunsaturate, preferably a diole?n, and a monounsaturate, 
preferably a monoole?n. Any unsaturates in the hydrogenat 
able hydrocarbon mixture are preferably aliphatic ole?ns 
having from about 5 to 11 carbon atoms per molecule. In the 
monoole?n the positioning of the ole?nic bond is not critical 
to the selective hydrogenation process disclosed herein. Con 
jugated diole?ns, hoWever, are more readily selectively 
hydrogenated to monoole?ns than are nonconjugated diole 
?ns. The position of the ole?nic bond in the monoole?n is not 
critical When the monoole?n is used in the manufacture of 
alkylbenZene detergent precursors as most alkylation cata 
lysts have been found to promote migration of the ole?nic 
bond. The branching of the hydrocarbon backbones of the 
monoole?n and the diole?n are not critical to the selective 
hydrogenation process disclosed herein. HoWever, the 
branching of the hydrocarbon backbone of the monoole?n is 
often more of a concern as the structural con?guration of the 
alkyl group on the alkylbenZene product can affect detergent 
performance and biodegradability. The ole?n, be it the 
monoole?n or the diole?n, may be unbranched or lightly 
branched, Which as used herein, refers to an ole?n having 
three or four primary carbon atoms and for Which none of the 
remaining carbon atoms are quaternary carbon atoms. A pri 
mary carbon atom is a carbon atom Which, although perhaps 
bonded also to other atoms besides carbon, is bonded to only 
one carbon atom. A quaternary carbon atom is a carbon atom 
that is bonded to four other carbon atoms. 

[0050] The aliphatic monoole?n is usually a mixture of tWo 
or more monoole?ns, and the aliphatic diole?n is usually a 
mixture of tWo or more diole?ns. For commercial processes, 
other components may be present With the ole?n-containing 
aliphatic compounds. For instance, the monoole?n and the 
diole?n may be obtained by the dehydrogenation of a paraf 
?nic feedstock and undehydrogenated paraf?n, Which is dif 
?cult to separate from the ole?ns, is passed to the selective 
hydrogenation reactor. The unreacted para?in may be one or 
more normal or branched paraf?ns having from about 5 to 1 1 
carbon atoms per molecule. See, for instance, U.S. Pat. No. 
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6,670,516 B1, herein incorporated by reference. Generally, 
Where ole?n is obtained by the dehydrogenation of a paraf 
?nic feedstock, the molar ratio of ole?n to paraf?n is betWeen 
about 1:12 to 1:8; hoWever, such amounts of paraf?n are not 
critical to the processes of this invention. Indeed, ole?n 
containing feedstocks having an essential absence of paraf 
?ns are suitable. 

[0051] The concentrations of monoole?ns and diole?ns in 
the hydrogenatable hydrocarbon mixtures are not critical to 
the selective hydrogenation process disclosed herein. The 
mixture can contain from about 0.5 to about 95 mol-% 
monoole?ns and from about 0.1 to about 50 mol-% or higher 
diole?ns. The concentration of diole?ns in the hydrogenat 
able hydrocarbon mixtures is not critical to the selective 
hydrogenation process disclosed herein. A suitable mixture 
produced by the dehydrogenation of a para?inic feedstock 
usually contains from about 10 to about 15 mol-% monoole 
?ns and from about 0.5 to about 1.5 mol-% diole?ns. The 
molar ratio of monoole?ns to diole?n in the mixture is typi 
cally from about 50:1 to about 5:1, preferably about 25:1 to 
about 7: 1. 
[0052] The source of the para?inic feedstock for dehydro 
genation is not critical although certain sources of paraf?nic 
feedstocks Will likely result in certain impurities being 
present. Conventionally, kerosene fractions produced in 
petroleum re?neries either by crude oil fractionation or by 
conversion processes therefor form suitable feed mixture pre 
cursors. Fractions recovered from crude oil by fractionation 
Will typically require hydrotreating for removal of sulfur and/ 
or nitrogen prior to being fed to the subject process. The 
boiling point range of the kerosene fraction canbe adjusted by 
prefractionation to adjust the carbon number range of the 
paraf?ns. In an extreme case the boiling point range can be 
limited such that only paraf?ns of a single carbon number 
predominate. Kerosene fractions contain a very large number 
of different hydrocarbons and the feed mixture to the subject 
process can therefore contain 200 or more different com 
pounds. Alternative feedstocks include other petroleum frac 
tions, especially naphtha range fractions. 
[0053] The para?inic feedstock may alternatively be at 
least in part derived from oligomeriZation or alkylation reac 
tions. Such paraf?nic feedstock mixture preparation methods 
are inherently imprecise and produce a mixture of com 
pounds. The para?inic feedstock mixtures to the dehydroge 
nation process may contain quantities of paraf?ns having 
multiple branches and paraf?ns having multiple carbon atoms 
in the branches, cycloparaf?ns, branched cycloparaf?ns, or 
other compounds having boiling points relatively close to the 
desired compound isomer. Thus, the para?inic feedstock 
mixtures to the dehydrogenation step can also contain siZable 
quantities of aromatic hydrocarbons. 
[0054] Another source of paraf?ns is in condensate from 
gas Wells. Usually insu?icient quantities of such condensate 
are available to be the exclusive source of para?inic feed 
stock. HoWever, its use to supplement other para?inic feed 
stocks can be desirable. Typically these condensates contain 
sulfur compounds, Which have restricted their use in the past. 
As the selective hydrogenation process disclosed herein 
enables the use of sulfur-containing feeds, these condensates 
can be used to supply paraf?ns for alkylation. 
[0055] Paraf?ns may also be produced from synthesis gas 
(Syngas), hydrogen and carbon monoxide. This process is 
generally referred to as the Fischer-Tropsch process. Syngas 
may be made from various raW materials including natural 
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gas and coal, thus making it an attractive source of para?inic 
feedstock Where petroleum distillates are not available. 

[0056] The hydrogenatable hydrocarbon mixture to the 
selective hydrogenation process disclosed herein should be 
suf?ciently free of impurities, such as Water, nitrogen com 
pounds and sulfur compounds, that can unduly adversely 
affect the life of the selective hydrogenation catalyst. HoW 
ever, it is Within the scope of the process disclosed herein to 
alloW or to introduce sulfur compounds such as a sulfur 
containing organic species in the hydrogenatable hydrocar 
bon mixture. It is also Within the scope of the process dis 
closed herein to alloW or to introduce relatively volatile sulfur 
compounds such as hydrogen sul?de (HZS) in the hydrogen 
containing make-up gas that is mixed With the hydrogenat 
able hydrocarbon mixture and passed to the selective hydro 
genation catalyst. Without being bound to a particular theory, 
it is believed that such methods of subjecting the catalyst to 
the presence of sulfur modify the catalytic performance of the 
selective hydrogenation catalyst. 
[0057] The hydrogenatable hydrocarbon mixture may also 
contain aromatic byproducts produced by dehydrogenation 
of the paraf?nic feedstock, as described in Us. Pat. No. 
5 ,276,23 1 .Alternatively, the selective aromatics removal pro 
cess described in Us. Pat. No. 5,276,231 may be used to 
remove some or essentially all of the aromatic byproducts 
upstream of the selective hydrogenation process disclosed 
herein. 

[0058] In the selective hydrogenation process disclosed 
herein, hydrogenatable hydrocarbon mixtures of CS-Cl l 
diole?ns and C5-Cl 1 monoole?ns are contacted With the cata 
lyst disclosed herein in a selective hydrogenation Zone main 
tained under selective hydrogenation conditions. This con 
tacting can be accomplished in a ?xed catalyst bed system, a 
moving catalyst bed system, a ?uidized bed system, etc., or in 
a batch-type operation. A ?xedbed system is preferred. In this 
?xed bed system the hydrocarbon feed stream is preheated to 
the desired reaction temperature and then ?oWed into the 
selective hydrogenation Zone containing a ?xed bed of the 
catalyst. The selective hydrogenation Zone may itself com 
prise one or more separate reaction Zones With temperature 
regulation means there betWeen to ensure that the desired 
reaction temperature can be maintained at the entrance to 
each reaction Zone. The hydrocarbon may be contacted With 
the catalyst bed in either upWard, doWnWard or radial ?oW 
fashion. DoWn?oW of the hydrocarbon through a ?xed cata 
lyst bed is preferred. The catalyst may be in the presence of a 
liquid phase, and preferably in either an all-liquid phase or at 
supercritical conditions. 
[0059] The conditions for carrying out selective hydroge 
nation processes are Well knoWn in the art and can be carried 
out in a batch type or a continuous type operation. Generally, 
selective hydrogenation conditions include Without limita 
tion pressures of about 0 kpa(g) (0 psi(g)) to about 6894 
kPa(g) (1000 psi(g)), temperatures of betWeen 30° C. (86° F.) 
and 300° C. (572° F), H2 to diole?n mole ratios ofabout 0.1 :1 
to about 10:1, preferably about 1.1:1 to about 1.5:1 and/or a 
hydrogen to total liquid feed molar ratio of about 0.1 : 1 to 20:1 
and liquid hourly space velocities (LHSV) of about 0.5 to 
about 30 hr_l. It is recognized that achieving conditions 
Where the loWer H2 to diunsaturate mole ratios is less than 
about 1 :1 Would only be desirable if the conversion needed to 
be limited. As used herein, diunsaturate includes both 
diole?nic compounds and compounds having a triple bond. 
As used herein, the abbreviation “LHSV” means liquid 
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hourly space velocity, Which is de?ned as the volumetric ?oW 
rate of liquid per hour divided by the catalyst volume, Where 
the liquid volume and the catalyst volume are in the same 
volumetric units. 

[0060] The e?luent stream from the selective hydrogena 
tion Zone generally Will contain unconverted hydrogenatable 
hydrocarbons, hydrogen and the products of hydrogenation 
reactions. This e?luent stream may be cooled and passed to a 
hydrogen separation Zone to separate a hydrogen-rich vapor 
phase from a hydrocarbon-rich liquid phase. A separate 
hydrogen separation Zone may not be needed Where the H2 to 
diunsaturate mole ratio is near to 1:1. The hydrocarbon-rich 
liquidphase, or the ef?uent stream in the absence of a separate 
hydrogen separation Zone, is separated by means of either a 
suitable selective adsorbent, a selective solvent, a selective 
reaction or reactions or by means of a suitable fractionation 
scheme. Unconverted hydrogenatable hydrocarbons are 
recovered and may be recycled to the selective hydrogenation 
Zone. The C5 -C1 1 monoole?n products of the hydrogenation 
reactions are recovered as ?nal products or as intermediate 

products in the preparation of other compounds. 
[0061] The hydrogenatable hydrocarbons usually do not 
need to be admixed With a diluent material before, While or 
after being ?oWed to the selective hydrogenation Zone. The 
selective hydrogenation reactions of the diunsaturates to 
monounsaturates are considered to be moderately exother 
mic, and the temperature rise in the selective hydrogenation 
reactor is typically not excessive. The selective hydrogena 
tion reactor preferably does not have indirect heat exchange 
means to remove the heat as it is produced and the reactor may 
be adiabatic. If used, the diluent material may be hydrogen or 
a paraf?n having from 8 to 19 carbon atoms per molecule. 
Any diluent passed to the selective hydrogenation Zone Will 
typically be separated from the ef?uent and recycled to the 
selective hydrogenation reaction Zone. 

[0062] All references herein to the groups of elements of 
the periodic table are to the IUPAC “New Notation” as shoWn 
on the Periodic Table of the Elements in the inside front cover 
of the book titled CRC Handbook of Chemistry and Physics, 
ISBN 0-8493-0480-6, CRC Press, Boca Raton, Fla., U.S.A., 
80”’ Edition, 1999-2000. 
[0063] The folloWing examples are presented in illustration 
of this invention and are not intended as undue limitations on 
the generally broad scope of the invention as set out in the 
appended claims. 

ILLUSTRATIVE EMBODIMENT 

Comparative Example 14Catalyst A 

[0064] Catalyst A Was a commercial selective hydrogena 
tion reference catalyst comprising a gamma-alumina support 
having a 1600 micron diameter and containing 0.4 Wt-% Pd 
and 0.6 Wt-% Li. 

Example liCatalyst B 

[0065] A catalyst of the invention Was prepared by applying 
a 100 micron outer layer of gamma-alumina to a cordierite 
sphere having a nominal diameter of 1600 microns. The lay 
ered sphere Was impregnated With metals, then calcined, and 
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then reduced. The following metal loadings based on the 
Weight of the catalyst Were achieved: 0.1 Wt—% Pd, 0.19 Wt—% 
Cu, and 0.4 Wt—% K. 

Example 2iCatalyst C 

[0066] A catalyst of the invention Was prepared by applying 
a 100 micron outer layer of gamma-alumina to a cordierite 
sphere having a nominal diameter of 1600 microns. The lay 
ered sphere Was impregnated With metals, then calcined, and 
then reduced. The folloWing metal loadings based on the 
Weight of the catalyst Were achieved: 0.1 Wt—% Pd and 0.125 
Wt—% Li. 

Example 3iCatalyst D 

[0067] A catalyst of the invention Was prepared by applying 
a 100 micron outer layer of gamma-alumina to a cordierite 
sphere having a nominal diameter of 1600 microns. The lay 
ered sphere Was impregnated With metals, then calcined, and 
then reduced. The folloWing metal loadings based on the 
Weight of the catalyst Were achieved: 0.2 Wt—% Pd and 0.125 
Wt—% Li. 

Example 44Catalyst E 

[0068] A catalyst of the invention Was prepared by applying 
a 200 micron outer layer of gamma-alumina to a cordierite 
sphere having a nominal diameter of 1600 microns. The lay 
ered sphere Was impregnated With metals, then calcined, and 
then reduced. The folloWing metal loadings based on the 
Weight of the catalyst Were achieved: 0.2 Wt—% Pd and 0.25 
Wt—% Li. 

Example 5 

[0069] The diole?n conversion and selectivity of the cata 
lysts prepared in Examples 1 to 4 Were studied using a 
blended feed prepared from a simulated product of a com 
mercial pyrolysis gasoline (pygas) unit. A volume of the 
catalyst to be tested Was loaded in a reactor, and the blended 
feed How Was started under selective hydrogenation condi 
tions. Throughout the test, the pressure Was maintained at 
approximately 3447 kpa(g) (500 psi(g)), the LHSV Was 
maintained approximately constant except as indicated in 
Table 4, and a liquid phase Was present. The catalyst Was 
evaluated and the product Was sampled While the average bed 
temperature Was adjusted over a range of from about 50° C. 
(1220 F.) to about 120° C. (248° F.). The average bed tem 
perature Was computed to be the arithmetic average of four 
catalyst bed temperatures at locations spaced uniformly along 
the length of the bed. The molar ratio of hydrogen to hydro 
carbon (H2/HC) in the blended feed Was maintained approxi 
mately constant at about 2.5: 1, except as indicated in Table 4. 
Under these conditions, the molar ratio of hydrogen to diole 
?n in the blended feed Was greater than 5: 1 .A molar excess of 
hydrogen relative to hydrocarbon or to diole?n favors the 
promotion of the unWanted ole?n saturation reactions, Which 
makes the selective conversion of the diole?n to the desired 
monoole?n even more dif?cult. The evaluation of the catalyst 
indicated that the results remained relatively constant With 
time on stream after the catalyst passed the initial period after 
a change in test conditions. 

[0070] A fresh feedstock With a typical pygas unit product 
composition Was prepared by blending individual hydrocar 
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bon components to evaluate the prepared catalysts. The com 
position of the fresh feedstock is given in Table 1. For pur 
poses of these examples, the hydrocarbon components are 
categoriZed by hydrocarbon species as Saturates, Ole?ns, 
Diole?ns, and Aromatics. 

TABLE 1 

Composition of Fresh Feedstock 

Component Hydrocarbon Species Concentration, Wt—% 

n-Pentane Saturate 5.12 
Cycl op entane Saturate 0.84 
1-Pentene Ole?n 2.52 

1,3-Pentadiene Diole?n 7.29 
Cyclopentene Ole?n 0.75 
Cyclohexane Saturate 1.31 
1-Hexene Ole?n 0.66 

1,5-Hexadiene Diole?n 3 .3 
1,4-Cyclohexadiene Diole?n 2.75 

Benzene Aromatic 32 
Cycloheptane Saturate 0.37 
1-Heptene Ole?n 0.16 
Toluene Aromatic 17.5 
n-Octane Saturate 0.05 

Cyclooctane Saturate 0.05 
1-Octene Ole?n 0.13 

1,7-Octadiene Diole?n 1.45 
EthylBenZene Aromatic 0.75 

Styrene Ole?n 5 .33 
p-Xylene Aromatic 1.39 
m-Xylene Aromatic 3.46 
o-Xylene Aromatic 2.15 

1,3 ,5-TriMethylBenzene Aromatic 0.47 
alpha-MethylStyrene Ole?n 0.5 6 

Indene Ole?n 1.78 
Indan Aromatic 0.19 

t-ButylBenzene Aromatic 1.81 
Dicyclopentadiene Diole?n 5 .87 

Total 100 

[0071] The composition of the fresh feedstock by hydro 
carbon species is given in Table 2. The fresh feedstock con 
tains C5 -C 10 Diole?ns, Ole?ns, Aromatics, and Saturates that 
are commonly found in cracker derived gasoline streams. 

TABLE 2 

Composition of Fresh Feedstock by Hydrocarbon Species 

Hydrocarbon Species Concentration, Wt—% 

Saturates 7.7 
Aromatics 59.7 
Ole?ns 11.9 
Diole?ns 20.7 

Total 100 

[0072] The invention discloses catalysts that selectively 
convert the diole?ns almost to extinction and preferably to 
ole?ns, While converting some and preferably feW of the 
ole?ns in the feed to the corresponding saturate and While 
maintaining the aromatic components in the feed Without 
conversion. 

[0073] The fresh feedstock given in Tables 1 and 2 Was 
blended in equal proportions With a diluent containing aro 
matics and saturates to provide a heat sink and simulate a 
recycle stream of a selective hydrogenation process. The 
combined feed after the blending is given in Table 3. 
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TABLE 3 

Composition ofthe Blended Feed by Hydrocarbon Species 
(50% Diluent and 50% Fresh Feedstock) 

Hydrocarbon Species Concentration, wt—% 

Saturates 7.9 
Aromatics 75 .9 
Ole?ns 5 .9 
Diole?ns 10.3 

Total 100 

[0074] A sulfur-containing compound was also added to 
the blended feed in an amount that resulted in a concentration 
of 30 wt-ppm sulfur in the blended feed, to simulate the high 
sulfur content expected in gasoline streams derived from 
thermal or catalytic crackers. 
[0075] The results obtained are illustrated in FIGS. 1 to 4. 
Prior to discussing the results in detail, two general observa 
tions should be made with respect to FIGS. 1 to 4. First, while 
all tested catalysts tend to show increased diole?n conversion 
as the average bed temperature increases, superior catalysts 
show high diole?n conversion at relatively low average bed 
temperature. Second, while all tested catalysts tend to show 
decreased selectivity in converting diole?ns to monoole?ns 
as the diole?n conversion increases, superior catalysts show 
high selectivity to monoole?ns while at high diole?n conver 
sion. 
[0076] FIG. 1 illustrates the activity of Catalysts A through 
E in converting C5 diole?n, i.e. pentadiene. Layered sphere 
Catalysts B, C, and D each had better activity (i.e. showed 
higher conversion) than Catalyst A at an average bed tem 
perature of 50° C. (122° F.), despite the active metal loadings 
of Catalysts B, C, and D being between one-fourth and one 
half of the active metal loading of Catalyst A. At the higher 
bed temperatures of 85° C. (185° F.) and 120° C. (248° F.), 
layered Catalyst E had the highest C5 diole?n conversion 
(essentially 100%) of all the tested catalysts, despite Catalyst 
E having an active metal loading one-half that of Catalyst A. 
Although the observed differences in the activities of the 
layered and non-layered catalysts are relatively small due to 
the elevated bed temperatures, the other layered Catalysts B, 
C, and D all showed C5 diole?n conversions that are above 
90% and thus in the same C5 diole?n conversion range as 
Catalyst A at these elevated temperatures. 
[0077] FIG. 2 depicts the activity of Catalysts A through E 
for converting the C10 diole?n component, i.e. dicyclopenta 
diene. FIG. 2 also shows that layered sphere catalysts B, C 
and D each had higher activity than Catalyst A at an average 
bed temperature of 50° C. (122° F.). At the higher bed tem 
peratures of 85° C. (185° F.) and 120° C. (248° F.), layered 
Catalyst E had the highest C5 diole?n conversion (100%) of 
all the tested catalysts. Except for the relatively low conver 
sion of Catalyst C at 85° C. (185° F.), the observed differences 
in the activities of the layered and non-layered catalysts are 
relatively small due to the elevated bed temperatures. Layered 
Catalysts B, C, and D all showed C5 diole?n conversions that 
are above 95% and in the same C5 diole?n conversion range 
as Catalyst A. 

[0078] In summary, FIGS. 1 and 2 show that layered Cata 
lysts B, C, D and E, each having a signi?cant bene?t in terms 
of decreased active metal loading compared to Catalyst A, 
show activities for C5 and C10 diole?n conversion that are 
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better than, the same as, or at least not signi?cantly worse than 
those of Catalyst A. Similar activity comparisons for the 
conversions of C6, C7, and C8 diole?ns by Catalysts A 
through E were observed. 

[0079] FIGS. 3 and 4 illustrate that layered sphere Catalysts 
B, C, D and E all have better selectivities to monoole?ns when 
converting diole?ns in comparison to Catalyst A. The selec 
tivities were calculated by a carbon number and species iden 
ti?cation. In FIG. 3, the selectivity was calculated to be 100 
times the ratio of the amount of C5 monoole?ns in the product 
to the sum of the amount of C5 monoole?ns in the feed plus 
the amount of C5 diole?ns converted, where the amount of C5 
diole?ns converted is the difference of the amount of C5 
diole?ns in the feed minus the amount of C5 diole?ns in the 
product. The dashed curve in FIG. 3 depicts the expected 
performance of Catalyst A based on the observed data, and 
FIG. 3 shows that Catalyst A had the highest propensity to 
convert the C5 diole?ns to the undesired corresponding C5 
paraf?ns. Speci?cally, CatalystA converted about 75 to 85% 
of the total available C5 ole?ns (i.e., C5 monoole?ns and C5 
diole?ns in the feed) to C5 paraf?n at about 95 to 96% C5 
diole?n conversion, which is the highest C5 diole?n conver 
sion observed for Catalyst A. In other words, Catalyst A 
retained only about 15 to 25% of the total available C5 ole?ns. 
In contrast, Catalyst D at its highest observed C5 diole?n 
conversion of about 98% converted only about 50% of the 
total available C5 ole?ns to the undesired C5 para?ins, and in 
the range of about 94 to 98% observed C5 diole?n conversions 
and despite the range of observed C5 monoole?n selectivities 
Catalyst D converted at most 70% of the total available C5 
ole?ns to the undesired C5 paraf?ns. 
[0080] FIG. 4 shows the selectivity for the conversion of 
dicyclopentadiene, a C10 diole?n, to cyclo-ClO-monoole?ns. 
The selectivity was calculated in the same manner as 
described for the selectivity in FIG. 3, except for C1O ole?ns. 
The dashed curve in FIG. 4 depicts the expected performance 
of Catalyst A based on the observed data, and Catalyst A 
converted about 80% of the total available cyclo-ClO-ole?ns 
(i.e., cyclo-ClO-monoole?ns and cyclo-Clo-diole?ns in the 
feed) to the undesired fully saturated C1O naphthenes. In con 
trast, layered sphere Catalysts B, C, D and E all converted 
much less of the total available cyclo-ClO-ole?ns to C10 naph 
thenes and had much higher selectivity to the corresponding 
cyclo-ClO-monoole?n at the same dicyclopentadiene conver 
sion. Speci?cally, at about 99 to 100% dicyclopentadiene 
conversion, Catalyst B showed nearly 80% selectivity to the 
cyclo-C1_1O-monoole?n while Catalyst A showed only 20% 
selectivity to the cyclo-ClO-monoole?n and thus Catalyst A 
converted about 80% of the total available cyclo-ClO-ole?ns 
to the undesired C1O naphthenes. 
[0081] In summary, FIGS. 3 and 4 show that layered Cata 
lysts B, C, D and E show selectivities for C5 and C10 monoole 
?ns that are about the same as or better than those of Catalyst 
A. It can be seen from FIGS. 1-4 that the invention provides 
the ability to selectively convert diole?ns to ole?ns while 
having a reduced tendency to saturate the monoole?ns. 

[0082] Table 4 shows the aromatic component retention in 
weight % during a test of Catalyst D. The weight % aromatic 
retention is calculated as 100 times the ratio of the amount of 
aromatic species found in the product to that found in the feed. 
For the aromatic species in the blended feed, speci?cally 
benzene, toluene, xylene, and butylbenZene, the aromatic 
retention is preferably at 100%. Catalyst D shows, at the base 
conditions including the lowest average bed temperature, 
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over 95% retention of each of the four aromatic species. [0084] The results shown in Table 5 demonstrate that the 
Relative to the base conditions, a 35° C. (63° F.) higher properties of the catalyst are primarily determined by the 
average bed temperature, a 5% loWer LHSV, and a 6% higher layer, Which can be relatively carefully controlled and that the 
H2/HC result in less than 1% change in the aromatic reten- core contributes very little to the surface area or pore volume. 
tions. At more severe conditions of a 69° C. (124° F.) higher Thus the core primarily de?nes the bulk properties of the 
average bed temperature, a 6% loWer LHSV, and a 6% higher catalyst that affect, for example, pressure drop, since the bulk 
HZ/HC, each aromatic retention falls by from 1 to 7% beloW ?uid mechanical properties are relatively more dependent on 
its respective base aromatic retention, With the benZene reten- the gross parameters of the catalyst and relatively less depen 
tion falling the most. All the aromatic retentions, including dent on the ?ne details of layer thickness. The composition of 
that of benZene, are restored to Within 1% of their base aro- the core is primarily important as to inertness to reaction 
matic retentions at nearly the same average bed temperature While shoWing good bonding to the layer. Thus it is possible 
(70° C. (126° F.) above the base) by increasing the LHSV to to relatively independently control both the bulk and micro 
31% above the LHSV base, even though the H2/HC is 14% scopic properties of the catalyst. 
higher than the H2/HC baSe- [0085] FIGS. 5 and 6 depict the pro?les of the differential 

pore volume distribution plotted against the pore radius of 
TABLE 4 CatalystsA, B, C, D and E. FIG. 5 depicts the differential pore 

I volume measured using the nitrogen adsorption/desorption 
Time on Stream’ hours 14 22 27 41 method, Which is used for pores With a pore radius of from 

Average Bed Temperature, Base Base + 35 Base + 69 Base + 70 about 10 to about 300 Angstroms. FIG. 6 depicts the differ 
° C- ential pore volume measured using the mercury penetration 
React“ Pressure Base 1'00 X Base 01-398 X 11-300 X method, Which is used for larger pores too. It is believed that 
LHSV Base 095 X Base 03:1 151181 the nitrogen adsorption/desorption method is more accurate 

Base Base for determining the differential pore volume for pores beloW 
HZ/HC, IHOl/mol Base 1-06 >< Base 1-06 >< 1-14 X 300 Angstroms. Although there is a difference in the absolute 

. . Base Base values of the differential pore volume measured for Catalyst 
Aromatic Retention, Wt—% . . . . 

B61126“ Base 099 X Base 093 X 100 X A by the tWo methods in the overlapping region, there is 
Base Base general agreement in the shapes of the pro?les. Catalysts B, 

Toluen? Base 1-00 >< Base 0-99 >< 1-00 X C, D and E exhibit a maximum nitrogen differential pore 

XylemS Base 1 00 X Base 01351951 113091151 volume of about 2 cc/g*Angstrom*1000 at a pore radius 50 to 
' [Ease [Ease 70 Angstroms. None of the catalysts exhibit signi?cant dif 

Butylbenzene Base 100 X Base 093 X 1_00 X ferential pore volume in pores larger than 300 Angstroms by 
B386 B386 either the nitrogen adsorption/desorption method or the mer 

cury penetration method. 

Example 6 1. A process for selectively hydrogenating one or more 

[0083] The catalysts Were further studied using desorption C5_Cll diolehhs in a hydrocarbon mixture to one or more 
and adsorption techniques to determine the pore siZe distri- respective cs'cii mohoolehhs the PrOCeSS Comprising the 
bution, the average pore radius, the surface area and the total Step of? 
pore volume of the catalyst. The results of the studies are (i) bringing the hydrocarbon mixture under selective 
shoWn in Table 5. hydrogenation conditions into contact With a layered 

TABLE 5 

Example 1- Example 2- Example 3- Example 4 
Catalyst Catalyst B Catalyst C Catalyst D Catalyst E 

Description 0.1 Wt—% Pd/ 0.1 Wt—% Pd/ 0.2 Wt—% Pd/ 0.2 Wt—% Pd/ 

0.19 Wt—% Cu/ 0.125 Wt—% Li 0.125 Wt—% Li 0.25 Wt—% Li 

0.4 Wt—% K 

Layer 100 100 100 200 

Thickness, 
microns 

BET Surface 32 35 32 57 

Area, mZ/g 
Total Pore 0.13 0.15 0.14 0.25 

Volume, cc/g 
Average Pore 82 84 88 88 

Radius, 
Angstroms 
Pore Radius 10-232 10-266 10-240 10-244 

Size 

Distribution, 
Angstroms 
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catalyst composition to give substantially a C5 -C1 1 
monoole?n product; wherein the layered catalyst com 
position comprises: 
(a) an inner core comprising a ?rst inorganic oxide, and 
(b) an outer layer bonded to said inner core, said outer 

layer comprising a second inorganic oxide that is 
non-refractory and has dispersed thereon at least one 
IUPAC Group 1-2 metal and at least one IUPAC 
Group 8-10 metal. 

2. The process as claimed in claim 1 Wherein the selective 
hydrogenation conditions include a temperature of about 30° 
C. to about 3000 C. 

3. The process of claim 1 Wherein the selective hydroge 
nation conditions includes a hydrogen to diole?n ratio of 
about 1:1 to 10:1 and/ or a hydrogen to total liquid feed molar 
ratio of about 0.1:1 to 20:1. 

4. The process as claimed in claim 1 Wherein betWeen 30 to 
80% of the one or more C5-C11 diole?ns are selectively 
hydrogenated to the one or more respective C5-C1 1 monoole 
?n products. 

5. The process of claim 1 further characterized in that the 
catalyst is prepared by a method comprising depositing the at 
least one IUPAC Group 1-2 metal and at least one IUPAC 
Group 8-10 metal on the second inorganic oxide after the 
outer layer is bonded to the inner core. 

6. The process of claim 5 further characterized in that the 
outer layer is in the presence of a liquid phase during the 
deposition of the at least one IUPAC Group 1-2 metal and the 
at least one IUPAC Group 8-10 metal onto the second inor 
ganic oxide. 

7. The process of claim 1 further characterized in that the 
outer layer is modi?ed by a hydrothermal treatment process 
to obtain a predetermined pore size. 

8. The process of claim 1 Wherein the ?rst inorganic oxide 
is selected from the group consisting of alpha alumina, theta 
alumina, silicon carbide, metals, cordierite, zirconia, titania 
and mixtures thereof. 

9. The process of claim 1 Wherein the inner core is cordi 
erite. 
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10. The process of claim 1 Wherein the second inorganic 
oxide is an oxide selected from the group consisting of 
gamma alumina, delta alumina, eta alumina, theta alumina, 
silica/alumina, zeolites, nonzeolitic molecular sieves, titania, 
zirconia, hydrotalcite, metals and mixtures thereof. 

11. The process of claim 1 Wherein the second inorganic 
oxide is gamma alumina. 

12. The process of claim 1 Wherein the at least one IUPAC 
Group 1-2 metal is a metal selected from the group consisting 
of potassium or lithium. 

13. The process of claim 1 Wherein the at least one IUPAC 
Group 8-10 metal is a metal selected from the group consist 
ing of platinum and palladium. 

14. The process of claim 1 Wherein the second inorganic 
oxide has further dispersed thereon one or more IUPAC 
Group 11-17 metals. 

15. The process of claim 14 Wherein the one or more 
IUPAC Group 11-17 metal is selected from the group con 
sisting of copper, silver, gold, tin, germanium, lead and mix 
tures thereof. 

16. The process of claim 1 Wherein the outer layer has a 
thickness of from about 1 micron to about 300 microns. 

17. The process of claim 1 Wherein the outer layer of the 
catalyst has a surface area of about 5 m2/ g to about 1000 m2/ g 
based on the Weight of the outer layer. 

18. The process of claim 1 Wherein the layered catalyst 
composition is prepared by a process comprising: 

i) coating the inner core With a slurry comprising the sec 
ond inorganic oxide, depositing on the coated core at 
least one IUPAC Group 1-2 metal and at least one 
IUPAC Group 8-10 metal in the presence of a second 
liquid phase, drying the coated core and calcining at a 
temperature of about 4000 C. to about 9000 C. for a time 
su?icient to bond the outer layer to the inner core and 
provide a layered support; and 

ii) reducing the product of step i) under reduction condi 
tions to provide the layered catalyst composition. 

* * * * * 


